Introduction
Neuropathic pain can be defined as "pain caused by a lesion or disease of the somatosensory system". 1 It is a disabling condition that affects between 7% and 10% of the general population. 2 While many cases of acute neuropathic pain have a benign course and resolve within a few months, in a proportion of patients the condition becomes chronic and persists for years, impairing physical functioning and severely affecting patient's quality of life. Neuropathic pain can be central (caused by a lesion or disease of the central somatosensory nervous system) or peripheral (caused by damage to peripheral somatosensory nervous system). It is estimated that in ~60% of cases, the neuropathic pain is localized, ie, characterized by well-defined, circumscribed area(s) of maximum pain. 4 Pharmacological treatment of neuropathic pain, in general, and of CRPS, in particular, is challenging, with only few patients responding well to any given treatment. Conventional analgesics, such as nonsteroidal anti-inflammatory drugs (NSAIDs) and opioids, usually provide little relief, and the use of nonconventional analgesics (ie, antidepressants, anticonvulsants, and psychotropics) is common in clinical practice, 5 although in case of CRPS the supporting clinical evidence is limited. 5, 6 Topical treatments can be an alternative or add-on therapy particularly useful in case of localized neuropathic pain. 7 Their advantages, compared with systemic medications, include lower systemic dose, site-specific drug delivery, better tolerability, and avoidance of major drug-drug interactions, 8 which can be particularly relevant in older patients.
In many countries, including Spain, 5% lidocaine-medicated plaster is approved for treatment of postherpetic neuralgia (PHN). 9 However, because of its effectiveness and safety in the management of PHN and its mechanism of action, lidocaine-medicated plaster is being increasingly used to treat other localized neuropathic pain conditions, such as postsurgical pain and painful diabetic polyneuropathy (DPN). 8 Few published case reports suggest that 5% lidocaine-medicated plaster might also be effective in CRPS, 10, 11 but the evidence so far has been anecdotal.
The objective of this study was to evaluate the effectiveness of 5% lidocaine plaster as add-on therapy in patients with chronic peripheral neuropathic pain conditions, including CRPS.
Patients and methods

Study design
This was a single-center, prospective, descriptive observational study set in the Pain Unit of the Department of Anesthesiology and Reanimation of a tertiary hospital in Cadiz, Spain. The study was carried out under the conditions of routine clinical practice, without modifications to prescribing patterns of the investigators. The study protocol was designed in agreement with the Declaration of Helsinki 12 and the corresponding Spanish regulations and was approved by the ethical committee of Hospital Puerta del Mar.
Patients
Consecutive patients of both sexes who met the selection criteria were enrolled between March 2011 and September 2012. The inclusion criteria were age ≥18 years, being diagnosed with a peripheral neuropathic pain syndrome, unsatisfactory control of pain with existing medication (numeric rating scale [NRS] score ≥6), at least 6 months of pain duration, prescription of 5% lidocaine-medicated plaster on the day of the basal visit, and having signed the informed consent. The exclusion criteria were allergy or hypersensitivity toward amide-type anesthetics or ethers, pregnancy, or breastfeeding.
Treatment
At the basal visit, all the patients were prescribed 5% lidocaine plaster as add-on therapy to apply once daily for up to 12 hours within a 24-hour period. 9 
Study procedures
The study consisted of four visits (baseline, 1 month, 3 months, and 6 months). At baseline, the following data were collected: age, sex, medical history, actual analgesic treatment, Douleur Neuropathique 4 questions (DN4) questionnaire score for detection of neuropathic pain, 13, 14 pain intensity as measured by NRS for pain, 15 baseline Oswestry disability index, 16, 17 and baseline Hospital Anxiety and Depression Scale (HAD; anxiety subscale of Hospital Anxiety and Depression Scale [HAD-A] and depression subscale of Hospital Anxiety and Depression Scale [HAD-D]) scores. 18, 19 At the following visits, the scales and the questionnaires (except DN4 questionnaire) were reapplied, and the patient and the investigator reported Patient's Global Impression of Improvement and Physician's Global Impression of Improvement. Concomitant treatments and adverse reactions were recorded at every visit.
NRS for pain is a patient-rated 11-point numeric scale with 0 representing "no pain" and 10 representing "worst pain imaginable".
The neuropathic pain DN4 questionnaire is a diagnostic tool that consists of ten items describing different pain characteristics. A score of at least four of ten possible points is considered to identify neuropathic pain with 83% sensitivity and 90% specificity.
The HAD-A and HAD-D are the two parts of the HAD scale. HAD-A explores anxiety levels, whereas HAD-D explores depression levels. Each of the scales represents a questionnaire consisting of seven questions, and the score ranges from 0 (no anxiety or depression) to 21 (maximal levels of anxiety or depression). Generally, a score of 8 points or more is considered as a cutoff for diagnosis of anxiety or depression. 20 Journal of Pain Research 2016:9 submit your manuscript | www.dovepress.com
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5% Lidocaine plaster in peripheral neuropathic pain including CRPS The Oswestry disability index is an index derived from the Oswestry Low Back Pain Questionnaire, which was developed to quantify disability caused by low back pain. The index ranges from 0% (no disability) to 100% (total disability).
Patient's Global Impression of Improvement and Physician's Global Impression of Improvement are subjective estimations of the overall change in the patient's health state relative to the basal visit given by the patient and the investigator, respectively.
Statistical methods
Since the study had an exploratory character, no formal sample size calculation was carried out. The number of participants was estimated based on feasibility and condition prevalence. Descriptive statistics were used to summarize basal characteristics. Differences in characteristics between groups were assessed using the Kruskal-Wallis or Fisher's exact test. Intrapatient score changes were analyzed using the Wilcoxon signed-rank test. Differences in the extent of score changes between the patient groups were analyzed using the Mann-Whitney U test. Strength of correlation between variables was characterized by Kendall rank correlation coefficient (t b ).
Results
Patient disposition and basal characteristics
Sixty patients were recruited in the study. Data for four patients were excluded from the analysis because the patients did not have peripheral neuropathic pain but central neuropathic pain. All the participants completed the study.
The patients were between 28 years and 91 years old, and the majority were females (34/56). To assess the effectiveness of analgesic treatment in different peripheral neuropathic pain conditions, patients were categorized into five groups according to the diagnosis: CRPS (10/56, 18%), PHN (8/56, 14%), DPN (7/56, 12%), chronic postsurgery pain (CPSP, 16/56, 29%), and nerve entrapment syndrome (NES, 15/56, 27%).
There were few differences in the basal characteristics between the groups (Table 1) . Statistically significant differences were found in age, with patients with PHN or with DPN being on average older than the rest of the patients. Variations in male/female ratio among the groups were not statistically significant.
At baseline, the patients were receiving between one and five concomitant treatments (median 2), which included anticonvulsants (75%), antidepressants (59%), NSAIDs (27%), opioids (48%), and advanced analgesic treatments, such as nerve blocks and radiofrequency (16%). The number of concomitant treatments was similar between the groups ( Table 1 ). The data on concomitant treatments were summarized using WHO's modified analgesic ladder: 21 Only adjuvants (antidepressants and/or anticonvulsants); step I -nonopioid analgesic drugs (NSAIDs) ± adjuvants; step II -opioids for mild to moderate pain ± nonopioids ± adjuvants; step III -opioids for moderate to severe pain ± nonopioids ± adjuvants; and step IV -advanced analgesic therapies (nerve blocks, radiofrequency, and intravenous lidocaine) ± the abovementioned treatments. There was no statistically significant association between the diagnosis and the analgesic ladder step. 
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The DN4 score for neuropathic pain detection was high for all the patients (median 7, range 6-10) and showed modest but statistically significant variations between the groups (P=0.015). The DN4 score was higher in the CRPS group (range 6-10, median 8.0) than in the rest of the patients (P=0.016 when compared with the rest of the patients).
The basal scores for NRS, Oswestry disability index, HAD-D, and HAD-A were similar between the groups (Table 1) . Most patients reported minimal or moderate disability as measured by the Oswestry index (≤40% disability), and seven (12.5%) patients (two in the CRPS groups, three in the CPSP group, one in the NES group, and one in the PHN group) reported severe disability. Twenty (35.7%) patients had a HAD-A score of ≥8, corresponding to clinical anxiety, and 21 (37.5%) patients had a HAD-D score of ≥8, corresponding to clinical depression.
Main results
Over 6 months of treatment, all patients experienced a decrease in pain intensity, as measured by NRS ( Figure 1 and Table 2 ). All patients, except for two patients in the CRPS group, reported at least some improvement in pain already after 1 month of treatment. NRS score continued to decrease in the subsequent visits (Figure 1 
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5% Lidocaine plaster in peripheral neuropathic pain including CRPS 6 months of treatment, the average NRS score was reduced by 60.6% (4.7 points), from a baseline mean score of 7.8 to an end point mean score of 3.1. Importantly, there were no cases of loss of effectiveness during the study.
The overall percentage of patients who experienced at least 50% improvement in pain intensity (50% responders) was 46.4% after 1 month of treatment, 71.4% after 3 months of treatment, and reached 75% by 6 months of treatment (Figure 2 ). The percentage of responders was numerically higher in patients with DPN (100% at 6 months) or PHN (88% at 6 months) and somewhat lower in patients with CRPS, NES, and CPSP (60%, 66.7%, and 75% at 6 months, respectively), although the differences were not statistically significant.
The decrease in pain intensity was partially translated into improvements in functioning (Table 2) . Thus, 35 (62.5%) patients after 6 months of treatment reported a reduction in the Oswestry disability index, and in three (5.4%) patients this reduction was ≥10 percentage points. In seven (12.5%) patients, the Oswestry disability index increased after 6 months (by <5 percentage points in all cases), and in 14 (25.0%) patients it did not change. The number of patients with severe disability (Oswestry disability index >40%) reduced from seven (12.5%) patients to two (3.6%) patients. However, there was only a weak correlation between baseline Oswestry disability index and baseline NRS score (t b =0.26, P=0.014), and there was no significant correlation between changes in NRS score and changes in Oswestry index, suggesting that a large component of disability was other than pain.
As for the changes in psychiatric aspects, 30 (53.6%) patients reported a decrease in their anxiety levels, as measured by HAD-A, whereas 26 (46.3%) reported no change after 6 months of treatment ( Table 2 ). The number of patients diagnosed with anxiety (HAD-A ≥8) decreased from 20 (35.7%) at baseline to 12 (21.4%) after 6 months of treatment.
Depression levels decreased after 6 months in 13 (23%) patients, as assessed by HAD-D, whereas in 42 (75%) patients the levels did not change, and in one (1.8%) patient the HAD-D score increased. The number of patients diagnosed with depression (HAD-D ≥8) decreased from 21 (37.5%) at baseline to 14 (25.0%) after 6 months of treatment.
All patients except one reported overall improvement in their condition (Patient's Global Impression of Improvement), with 48 (85.7%) patients assessing their improvement after 6 months of treatment as ≥25% compared with the baseline and with 15 (26.8%) patients reporting an overall improvement of ≥50%. Similarly, the Physician's Global Impression of Improvement was positive for all the patients, was ≥25% in 48 (85.7%) patients, and ≥50% in 13 (23.2%) patients. There was a strong correlation between the global impressions of improvement given by the patient and by the physician (t b =0.93, P<0.001). Both Patient's Global Impression of Improvement and Physician's Global Impression of Improvement showed a statistically significant negative correlation with changes in NRS score (t b =-0.37, P<0.001 and t b =-0.35, P<0.001, respectively).
Changes observed in patients with CRPS were similar to those observed in the rest of the patients. The average change 
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Calderón et al in NRS score compared with baseline was numerically smaller in patients with CRPS than in patients in the other groups, although the difference was not statistically significant ( Figure 1 and Table 2 ). Nevertheless, after 6 months of treatment the average NRS score in the CRPS group was reduced by 50.6% (4.0 points) from a baseline mean score of 7.9 to an end point mean score of 3.9. Six (60%) patients in the CRPS groups experienced a reduction of at least 50% in pain intensity after 6 months of treatment. Nine (90%) patients with CRPS had an impression that their overall condition improved (Patient's Global Impression of Improvement), with two (20%) of them estimating their improvement as <25%, four (40%) estimating their improvement as at least 25% but <50%, and three (30%) patients reported an improvement of ≥50%. The Physician's Global Impression of Improvement was concordant with the patient's impressions.
Correlation analysis revealed no association between changes in scales scoring, on one hand, and baseline patient characteristics (sex, age, or baseline analgesic step), with one exception. Namely, there was a weak but statistically significant negative correlation (t b =-0.21, P=0.03) between changes in NRS score and patient age (greater changes were observed in older patients). However, this observation is difficult to interpret, since age distribution was not uniform between the diagnosis groups, and the groups that included older patients (DPN and PHN) happened to be those that had the most pronounced changes in NRS score.
After 6 months, the number of concomitant analgesic treatments could be reduced in six (10.7%) patients, while in 29 (51.7%) patients the dose of at least one of the concomitant analgesic treatments could be reduced (Table 2 ). There were no cases of new analgesic treatments added during the course of the study. Four (7.1%) patients reported adverse effects that the investigator considered related to the use of 5% lidocainemedicated plaster. All of these side effects were limited to local skin reactions (itchiness, redness, or dry skin) and did not require treatment discontinuation.
Discussion
In many countries, including Spain, 5% lidocaine-medicated plaster is currently approved only for treating a particular type of neuropathic pain, the postherpetic neuralgia. 9 However, an increasing body of clinical evidence suggests that 5% lidocaine-medicated plaster may be effective for treating other types of peripheral neuropathic pain. 8 Some authors proposed algorithms for identifying and treating patients with localized neuropathic pain, in which topical agents, such as 5% lidocaine plasters, are incorporated as cornerstones. 7, 22 A recent Cochrane review concluded that there was "no evidence from good quality randomized controlled studies to support the use of topical lidocaine to treat neuropathic pain, although individual studies indicated that it was effective for relief of pain". 23 However, most studies on effectiveness of topical lidocaine in peripheral neuropathic pain were focused on PHN, DPN, postsurgical, and posttraumatic pain. Until now, to our knowledge, only few case reports suggested potential usefulness of lidocaine plasters in patients with CRPS.
The present study, which was set in a specialized pain unit in a tertiary hospital, provides further insight into the usefulness of 5% lidocaine-medicated plasters in patients with chronic peripheral neuropathic pain. A rapid marked improvement in pain intensity was observed in most patients across all the groups, including patients with CRPS. The response was numerically higher in the PHN and DPN groups and numerically lower in the CRPS group, both for the average change in NRS score and for the proportion of 50% responders. However, it is hard to appreciate the statistical significance of these differences due to the low number of patients.
Interestingly, in all groups the average pain intensity continued to decrease after 1 month, and the number of 50% responders plateaued after 3 months of treatment (Figures 1  and 2 ). This suggests that some patients respond to treatment in a gradual and progressive manner, and that the treatment should not be discontinued too prematurely in case of slow response.
The observed decrease in pain intensity only partially translated into improvements in functioning. However, given the diversity of the included diagnoses, the choice of the assessment tools was not trivial, and the selected tool (Oswestry disability index) might have not been sensitive enough to detect changes associated with the particular painful conditions. Similarly, a proportion of patients showed an improvement in their psychological well-being, as measured by HAD-A and HAD-D.
Lidocaine-medicated plasters were well tolerated, as demonstrated by low rate of side effects and absence of plaster discontinuation.
Importantly, 5% lidocaine-medicated plaster has been shown to be useful as an add-on therapy in patients with long-standing CRPS. Although this group was composed of only ten patients, to our knowledge this is the largest reported series of patients with long-standing CRPS treated with 
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5% Lidocaine plaster in peripheral neuropathic pain including CRPS topical lidocaine. This syndrome is one of the most debilitating and hard-to-treat neuropathic pain conditions. It is rare, and there are only a few published reports on the effects of analgesic treatments in CRPS. A recent systematic review on the interventions in CRPS found low-quality evidence suggesting efficacy of only few pharmacological treatments (bisphosphonates, calcitonin, and intravenous ketamine) in pain reduction in CRPS. 6 This study has several limitations. First, this was an observational, noncontrolled study. The topical treatment was added to the previous analgesic treatments, and it is impossible to appreciate the contribution of each treatment to the observed pain relief, as well as the contribution of the natural course of the conditions. However, it is important to bear in mind that the study population was composed of patients with long-standing neuropathic pain conditions (>6 months) who did not obtain satisfactory results with previous analgesic therapy, and that it is difficult to achieve significant improvements in pain intensity in this population.
Other limitations of the study include the small sample size, absence of more specific tools to evaluate disability and quality of life associated with chronic neuropathic pain, lack of recorded information on specific symptoms of neuropathic pain, and the intrinsic weaknesses of NRS. Despite being a widely accepted, reliable, sensitive, and specific tool for assessing pain, NRS only evaluates the intensity of pain and does not capture the complexity of neuropathic pain experience. 24 On the other hand, the strengths of this study include its real-life character, which allows cautious generalization of the results. As mentioned earlier, patients with chronic neuropathic pain referred to specialized pain units are difficult to treat. They tend to be polymedicated, similar to the population of the present study, with a high rate of analgesia-related side effects. 25 The present data suggest that 5% lidocainemedicated plaster may be useful as add-on therapy in patients with persistent peripheral neuropathic pain and may allow for reduction of systemic analgesic treatments and related side effects.
An additional strength of this study is its long duration (6 months), which is highly relevant in the context of the chronicity of the studied conditions. This allowed two important observations: first, that there were no cases of loss of effectiveness >6 months, and second, that the lidocaine plasters were well tolerated even over such a long treatment period.
Conclusion
Altogether, these data suggest that 5% lidocaine plaster may be useful as add-on therapy in patients with chronic peripheral neuropathic pain conditions. The observed improvement in patients with CRPS may open a new therapeutic strategy in management of this complex and challenging condition. Further high-quality controlled studies to corroborate the efficacy and effectiveness of topical lidocaine in CRPS are warranted.
